disposal has received little further attention or funding.
This approach could also be used with weapons plutonium. The differences between plutonium and HLW are noted above in the discussion of deep-borehole disposal.
The deep ocean floor in vast mid-ocean areas is remarkably geologically stable; smooth, homogeneous mud has been slowly building up there for millions of years. The concept envisioned for HLW was to embed it in containers perhaps 30 meters deep in this abyssal mud, several kilometers beneath the ocean surface. One approach for doing so would be place the material in long, thin "penetrators"—inert metal shells—that would be dropped from ships and would then penetrate easily into the mud, which, it is believed, would flow to reclose the hole above them (see Figure 6-4.) The penetrator casing could be expected to last for as much as a few thousand years—long enough for the main radioactive components of HLW to decay, but not long enough for plutonium to do so—but the mud itself would be the primary barrier to release of the material into the ocean, because the time required for diffusion of radionuclides through this mud would be very long. Although there are some life forms in the upper meter or so of the mud, sampling studies indicate that the emplacement depths envisioned for this purpose are far below the depths where life forms exist that would be expected to have a major impact on transport of radionuclides to the surface. Moreover, although huge deep-ocean storms that perturb the ocean bottom have been detected in some areas of the ocean, floor samples demonstrate that other areas have been free of such storms for substantial periods of geologic time. The suitable seabed area exceeds the land area available for deep geologic repositories by several orders of magnitude.
If this method were used for excess weapons plutonium, some preprocessing would probably be desirable to limit the risk of criticality, particularly as the plutonium containers would eventually flood with water. The processed material (perhaps a plutonium-boron composite) could be placed directly into the penetrators, which would then be emplaced by ship. The process could be quick, if licensing and public acceptance obstacles could be overcome. Although the committee has not done a full cost analysis, implementation of this option might be in the lower range of costs, probably amounting to several hundred million dollars for the nominal 50 tons of excess weapons plutonium. As with the borehole approach, however, the costs of developing and licensing the option would be far higher than the costs of implementation.
The recoverability of plutonium placed in penetrators in the sub-seabed mud would depend on several factors. If the plutonium remained confined in the penetrators and if the location where they were embedded was
even "fast" seafloor motions proceed at a rate of the order of 1 centimeter per year, meaning that in all of historic time (some 5,000 years) the material would only have moved 50 meters. Furthermore, the
suhductinn   znnes  are   opnlnoirallv   <K-t;«<o   o«^   ,,^™=j:«»«ui«     _____   *...   .._i______    ______«.u~_: U.S. Government Printine Office. Mav IQQIVbe reached, doing so would almost certainly be time-consuming, delaying
